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0 Cu r a b le composition tiavtng hlgti tacdc and green ailrangtik 



® Curable compositions useful as adhestves, coat- 
ings and saaiants, comprising a mixture of a) 
isocyanate-functiortal prepolymer derived from Q) 
polylSQcyanaie arxl (li) active tiydrogen-corttaining 
low mdecular weight poiymer selected from the 

3 group consisting of pofytetramethylene oxide 
polyols. polycartx>nat6 polyots. and poiysulfide poly- 
thiols, and (b) iiaiogenated resin compatibie wtih 
^said prepoiymer. said resin containing at least about 
qqnSO weight percent haJogen. 
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OHUBLEOOMPOSmON HAVING HIGH TACK AND GREEN STRENGTH 



TB:HrRCALRELO 

This inventim r^^es to curable compositions 
for use as adhesives, coatings and sealants. This 
invention also relates to a method for bonding, 
coating or sealing such articles u^ng such com- 
positions. 



BACKGROUND OF THE INVB^niON 

U.S. Nos. 4^tr^, 4^,615 and 

4,340,682 describe adhe^ve compositions contain- 
ing mixtures' of isocysn^o torminated ri^noleaie 
prepolymer snt chlorin^ad; rubber or chlorinated 
polyvinyl chfortde. These compositions are said to 
have hi^^ green strength. The U.S. Patent and 
Trademark Office reexamination Hie for the *682 
patent (Reexamination No.90/000,780. requested 
May 13, 1985) contains several ^davits, patents 
Bx\6 published p^ent epplic^ons relating to poly- 
urethane adheshre ccHTtpositlons containing 
chlorinated rubber or chlorinated polyvinyl chloride. 
Among such references is German OLS No. 26 44 
639, which mentions, bxit does not exemplify, adiie- 
sives made fmm polyisocyanatas made by mbdng 
various disocyanates witii vartous glycols or 
polyether glycols Indudlrrg ^'tatrametiiylene gly- 
col". These polyisocyanates are said to t>e com- 
bined with various potyalkylene p>olyether polyols 
said to be made by the reaction of "aikylene ox- 
ides" (including "butylene oxide") with "suitable 
starter molecules" such as water or alcohols. Al- 
though not specified in the OLS. "butylene oxide" 
presumably refers to l^-tnitylene oxide* a com- 
pound that can react with water in an aniortic 
polymerization. 1,4-Butylene oxide 
(tetrahydrofuran) ctoes not react with water under 
such conditions. 

U.S. Pat No. 3^7,403 (McCready) describes 
adhesives said to have improved Scott brittie 
points and "good uncured tack or cohesive 
strength", made from a solvent solution of a poly- 
uretiiane prepolymer and polyvlnyltdene chloride. 
The polyurettiane prepolymer is said preferably to 
be Isocyanate-functional. At column 4, lines 36-44 
it is said that the adhesive can t^e made in a "one 
shot" metiiod using, inter aTia, "potytetrametiiylene 
etiier glycol or triol". 



SUMMARY OF THE INVENTION 

Adhesives made from many of the glycols and 
polyalkylene ether polyols recited in the OLS are 

5 not compatible with chlorinated rubber or chlorinat- 
ed polyvinyl chloride. Incompatibility is manifested 
by phase separation. 

The present invention provides curable adhe- 
sive, coating and sealant compositions that are 

70 compatible and have high tack and high green 
strength. The compositions of the Invention are not 
disclosed In the above-mentioned references. The 
compositions of the invention can be one-part 
moisture-curable or two-part self-curai>le composi- 

is tions. 

The one-part moisture-curable compositions of 
the invention comprise a mixture of a) isocyanate- 
functional prepolymer derived from i) 
polylsocyanate and ii) active hydrogen-containing 

so tow molecular weiglit polymer and b) halogenated - 
(e.g., chlorinated) resin compatible with said 
prepolymer. characterized In that said polymer is 
selected from the group consisting of poly- 
tetramethyler^e oxide px:>lyols. polycariDonate 

25 polyols. and poiysulfide poiythiols, and s^d resin 
contains 58 to 70 weight p)ercent halogen. 

The two-part compositions of the invention 
comprise the above-described isocyanate-function- 
al prepolymer in a first part, isocyanate-reactive 

so material (e.g.. water, polyol, polythiol, or 
polyamine) in a second part and the above-de- 
scribed halogenated resin in said first or said sec- 
ond part, the two parts being Intended to be mixed 
together prior to use. 

35 The present invention also provides a method . 
for adhering, coating or sealing such articles by 
applying a layer or layers of such compositions 
thereto. 

40 

DETAILED DESCRIPTION 

For brevity, the active hydrogen-containing low 
molecular weight polymer will hereafter sometimes 

46 be referred to as the "active hydrogen polymer". 
As used herein, an isocyanate-functional 
prepolymer "derived from" the above-mentioned 
polyisocyanate and active hydrogen polymer will 
include prepolymers actually prepared by a reac- 

50 tion t>etween such polyisocyanate and such active 
hydrogen polymer, and will also be construed to 
include prepolymers that have not actually t>een 
prepared by such a reaction, but have chemical 
structures that render the prepolymers capable of 
being prepared from such a reaction If desired. Tlie 
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iaocyantia-functional prepc^ymers are mo^conve- 
nientty praparod by reactions between one or more 
poWsocyanates end one or more active hydrogen 
polymera, employing an excess of potyisocyanate 
to insure that the reaction product contains residual s 
ieocyanate groups. 

Suitable potyisocyanates rnciude aromatic, al- 
iphatiCt and cyck)aii(^iatic potyisocyanates such as 
4,4*-diphenylmeth8ne diisocyanace ("MDf"), 
tDluene di'isocyanata ("TDI"). xyiylene dlisocyanate, ro 
Mramethybcylene diisocyanale. napMialene 
dnsocymate. para-phenylene diisocyanate, 
tatramethylene ditsocyanata, hexameihylene 
dBsoc y anate, isophorone dTisocyanate. mixtures 
thereof, and the like. Pofymeric poiyisocyanatds« ts 
biurets, trfooked potyisocyanates. and mixtures of 
polylaocyariates with metting point modifiers can 



also be used. MDI is a particularly preferred 
polytsocyanata. Suitable commercially availat>le 
polyisocyanates ir)clude *isonate** 125M and 143L 
and the series "PARI 20* through "PAPI 901* 
polyisocyanates (all commerdaHy available from 
the Upfohn Co.), -Muftrethane M* and *Mondur* 
CD, M. MR, MRS. and MBS 10, 509. TDS. TD, TD- 
flO, HX. E-44a E-501, E^12. PF, and MT-40 
polyisocyanates (all commercially available from 
Mobay Chemical Corp.), "FUibinate M* 
pdyisocyanate (commercially available from Rubi- 
con Cfiemicals. IrKx) and "Bate 190* 
polytsocyanate (commercially available from Akzo 
Chemie America). 

The active hydrogen polymers contain two or 
more repeating units denved from tetramethylene 
oxide (-CH,CH«CKCH,0-), carbonate 



t-OCO 



disulfide (-SS*), or mixtures thereof. PrsferBt)ly 
stidi repeating units occur in blocks of. two or 
more. The active hydrogen polymers prelerat^ly 2s 
have two or more active hydrogen atoms (as deter- 
mined by the Zerewitinoff method) per polymer 
unit Bnd preferably have a number average Molec- 
ular weight between 162 and about 10.000. more 
prefantoly between ^>out 300 and abouit 3000. so 
Polyote m preferred active hydrogen polymers, 
and polytetramethylene oxide polyettier polyols are 
perticuterly preferred. Preferably a mixture of txjth 
long-end short-chain active hydrogen polymers is 
employed to prepare the isocyanate-functlonai ss 
prapolymer. Suitable active hydrogen polymers are 
formed by polymerteing or copolymerizing active 
fiydroger^cofYtatning morxxners (or optional 
oomorxxners or copolymers), or by employing ring- 
opening polymerization reactions, to provide a 4o 
polymeric product containing active hydrogen 
atoms. For example, polytetramethylene oxide 
polyether polyols can be prepared using a conven- 
tional ring opening polymerization of 
tatrBhydroftiran. Opttonal active hydrogen-contain- 45 
Ing comonomers or copolymers that can be used 
to form the active hydrogen polymer include eth- 
ylene glycol. 1,4-butanedlol. 1,6-hexanediol, 
trimethylol propane, pentaerythritol, 1 .4-cyciohex- 
ane dimethanol and pdyetherpolyols. The optional so 
active hydrogervcorttaining comonomers or 
copolymers can also be comfcMned separately with 
tfie active hydrogen-containing polymer arxl 
polyisocyanate when th isocyanate-functtonal 
prepolymer is formed. 55 



Surtat>le commerdally available active hydro- 
gen polymers Include *Tetrathane" 650, 1000. 
2000 and 2900 poly tetr am ethylene oxide polyether 
polyols and "Polymer TEIOOO" attsmating 
copolymer of tetramethylene oxide and ethylene 
oxide (aH commercially available from E. I. duPorrt 
de Nemours & Co.). "Duracarb* 120. 122. 140 and 
142 polycartxxiate polyols (all commen:iai)y avall- 
«Me from PPQ Mustries, Inc.), and LP-2, LP^« 
LP-12, LP^I, LP-32 and LP-33 potysulfide poly- 
thfois (all commercially avidtable from Thiokol 
Corp). 

The polyisocyanate and active hydrogen poly- 
mer are oombined using methods well known to 
those skiUed m the art, to form a prepolymer hav- 
ing resklual Isocyanate groups. The reaction mix- 
ture preferably contains a suitable catalyst, and Is 
cxmduded under anhydrous oonditkms. The 
pf o yiess of the reaction can be followed using 
infrared ^IR") spectroscopy to monitor the size of 
the NCO pe&d(. f=br MOI-based prepolymers, a use- 
ful procedure is to mix the MDI and a surtabie 
solvent (e.g., 1,2-dichloroethane) at room tempera- 
ture. Mext, the active hydrogen polymef(s) (or mix- 
ture tfiereof with corrKxiomer(s) or copolymer(s)) 
are added to tfie MDI solution In four equal portions 
at 45 minute Intervals. The resulting mixture can be 
mixed ovemigtrt at room temperature to ensure 
completion of the reaction. 

The halogenated resin is compatible with the 
iaocyanate-lijmctional prepolymer. As used fierein, 
the term "oompatitTle'' refers to a halogenated resin 
that when In admixture with the Isocyanate^func- 
tionat prepolymer and an optional solvent of the 
type descrlt)ed bekm, forms a single phase liquid 
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solution tM persists in such single phase at room 
tempertiure for a suffictently long time period to 
enable the mixbire to be shipped and used in 
cornmeroe (e.^.* one month or more). 

Suitable halogenated resins Indude chlorinated 
potyisoproprene, postchlorinated poiyvinyi chloride 
C^CPVC"), copolymers of halogenated monomers 
aid copolymerizable monomers, mixtures thereof, 
and the like. Chlorinated resins are preferred, and 
chlorinated poiyisoprene resins are most preferred. 
The halogenated resin contains at least about 58 to 
about 70 weight percent chlorinet more preferably 
about 63 to about 70 weight percent chlorine. 

Suitable commercially available halogenated 
resins indude '*Parlon* S10, S20, 8125, and S300 
chlorinalad poiyisoprene resins (Hercules, Ina), 
"AUoprene"* 5, 10, 20, 40 and 125 chlorinated 
pjolyisoprene resiris (ICI Americas, Inc.) and 
TempRite"" 623 » 563, 625 » 563, and 627 » 563 
CPVC resins (B. R Goodrich Co.). 

The halogenated resin conveniently is com- 
Uned with the prepolymer by mixing them neat (in 
instances where the halogenated resin is compati- 
ble without the use of a solvent), or by first dissolv- 
ing the hatogsnated resin in one or more suitable 
solvents, and then combining the resulting solution 
with any desired acguvsrts {e.g, stabilizers or cata- 
lysts). Next, the prepolymer is added wnth stirring 
to form a uniform mixture. The halogenated resin, 
prepolymer, and optional solvent prefierably are 
mixed under anhydrous conditions (e.g.» a nitrogen 
atmosphere). 

Suitable solvents include acetone, dicii- 
ioromethane, dichloroethane, methyl ethyl ketor^, 
N-methyl pyrrofidinone, tetrahydrofuran, toluene, 
xylene, mixtures thereof, arid the like. The amount 
of solvent employed should be sufficient to dis- 
solve the halogenated resin and provide the de* 
sired final viscosity for the mixture of tiak)genaled 
resin and prepolymer. 

The amount of prepolymer and halogenated 
resin in compositions of the invention preferably Is 
an amount sufficient to provide the desired level of 
handling and bonding performance before and after 
cure. In general, the prepolymer and halogenated 
resin can be combined in a weight ratio t>etween 
about 1:9 and 9:1. based upon the weight of solids. 
A preferred weight ratio of prepolymer to haloge- 
nated resin is about 1:1 to 9:1. 

The compositions of the invention can contain 
adjuvants of the type customarily employed in ad- 
hesives. coatings, and sealants. Suitable adjuvants 
indud ^ctending and reinforcing fillers, pigments, 
UV stabili2:ers, (JV absorbers, antioxidants, acid 
scavengers, catalysts, plastidzers, tackifying res- 
ins, wetting aids, surfBCtants, acfiiesion promoters, 
desscants, and the like. The types and amounts of 
such adjuvants typtcaUy a'e chosen empirically us- 



ing techniques famifiar to those skilled in the art 
Compositions of the invention can t>e put up in 
packages in accordance with techniques known to 
those skilled in the art. Suitable packages include, 

5 for example, caulking tubes, screw-topped 
squeezable tubes, cans, drums and the like. 

The one-part compositions of the invention are 
cured by exposure to ambient water, e.g., water 
vapor or moisture. The two-part compositions of 

70 the invention self-cure soon after the two parts are 
mixed together. In a preferred two-part composi- 
tion, the prepolymer, halogenated resin, and one or 
more emulsifying surfactants are combined to form 
the first part, water is used as the second part, and 

75 the two parts are mixed shortly t>efore use under 
high shear conditions to form a water-teased emul- 
sion or dispersion. For both the one-part and two- 
part compositions of the invention, heat or high 
humidity will accelerate cure, and k>w temperatures 

20 or bw humidity will retard cure. Bonds to damp 
substrates (e.g., wood) typically cure faster than 
txmds to dry substrates (e.g., glass). 

The compositions of tiie invention can be em- 
ployed in any application where a high-perfor- 

25 mance, high green strength adhesive, coating or 
sealant is desired. One such use Is in the manufac- 
ture of adhesively-bonded laminates, where the 
high green strength of the compositions of the 
invention permits substrate memory (e.g.. warp) to 

30 be overcome, thereby simplifying fixturing, reduc- 
ing fixturing time, and kxx>sting production. The 
compositions of the Invention are also useful where 
singfe surface appRcation and moderate curing 
temperatures are desired. The compositions of the 

S5 invention can be applied to a variety of articles and 
substrates, e.g., glasses, metals, plastics, woods, 
leathers, masonry, textiles and the like. Typical 
appTicatlons include the manufacture of woodHo- 
wood, wood-to-plastic, and plastic-to-plastic laml- 

40 nates such as plywood, insulated foam panels, and 
skis. Other applications include building construc- 
tion (e.g., structural adhesives, panel adheslves, 
moisture barriers, and glazing sealants), coatings - 
(6.g., deck coatings and roof membranes), and 

45 automotive interior assembly. 

The following examples are offered to aid un- 
derstanding of the present inverrtion and are not to 
be construed as limiting the scope thereof. Unless 
otherwise indicated, all parts and percentages are 

50 by weight in the examples, several compositions 
of the invention and comparison compositions were 
evaluated for green strengtii and tack using a dead 
load tensile test and a subjective tack test and 
evaluated for bond strength using an overlap shear 

55 strength test and a 90** peel test 
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The dead load tensile test was performed by 
brushing a 0^ to 0^ mm thick wet fiim of the 
composition onto one face of a 25 mm wide by 100 
mm long by 3^ mm thick fit)er-reinforced plastic - 
(*FRP*) coupon. The wet film %V8S aikmed to stand 
for a specified open time at 24*C. and 50% relative 
humicfity, A second, noncoated coupon was placed 
perpendicular and in bonding relationship witt) the 
ftrsl ooupon to provkSe a cross^aped assembly 
with a 25 mm by 25 mm t)onded area. The cross- 
shipped assembly was suspended horizontally - 
(ftom the ends of the upper coupon) t>etween a 
pair of vertk»l krufe-edge supports. A 500 gram 
weight was suspended from ttie txittom coupon, 
arKi the assembly was altowed to stand at room 
temperature. The elapsed time until borxi failure (or 
the absence of failure after 30 minutas) was re- 

r>r»inrir>ri 

C OreSO. 

The subjective tack test was perfonned t^y 
placing a fingertip against a film of the compositkm 
after the film had been penmitted to stand (at 24*C 
and 50% relative humidty) until It became tacky. 
Tack was evaluated on a scale of *0" to *5*, vinth a 
rating of zero bwng assigned to films with no tack 
and a rating of five t>etng as»gned to films with 
tack equivalent to the bond that forms between 
aurlaoes coated with a neoprene contact adhesive. 

The overlap shear strength test was perfonned 
by applying a 0.2 to 0^ mm thick wet film of the 
composttkin to a 25 mm wide by 100 mm tong by 
15.9 mm thick wooden or a2 mm thick plastk: 
coupon. After a specified open time at a specified 
tamperature and 50% relative humidity, one end of 
a second, noncoated coupon was overlapped with 
one end of the first coupon to provide a 2Smm * 
2Sm (In some cases 12.5 mm by 25 mm) bonded 



area The assembly was afkmed to cure for 7 days 
at 24^C and 50% relative humtdity. tfien puMed 
apart using an "Instron" or a "Thwing-Alt)ert'' tan- 
sile tester operated at a crosshead separBtk)n rate 

5 of 5 mm^in. 

The 80* peel strength test was performed by 
applying a 0.2 to 0.3 mm thick wet film of ttie 
composition to a 25 mm wide by 254 mm tong by 
3.2 mm thidc FRP coupon. After a specified open 

70 time at a specified temp^^re and 50% relative 
humklity, a 25 mm yMo by 254 mm k>ng by 1 mm 
thick ABS coupon W6s laminated onto the coated 
face of the FBP coupon. Tlie resulting assembly 
was passed through a nip roller, allowed to cure at 

75 24*C and 50% relative humidity for 7 days, then 
pulled apart at a peel angle of 90* using an Instron 
tensile tester operated at a crosshead separatksn 
ratB of 51 mm^tn. 

20 

Prepofymer Examples 1 through 20 

In a series of runs, a pdyisocyanate. a mixture 
of shorthand k>ng-chsHn active hydrogen polymers 

25 and a solvent were combined to form a series of 
i8ocyanat&4unctkxiai prepolymers. Set out below in 
Tat)le i are the Prepolymer Example No., type and 
amount (expressed in terms of NCO equivalents) of 
pdyisocyanate, type and aoKXint (expressed in 

30 terms of OH equivaients) of active hydrogef)-con- 
taining materia, soh^ent and percent solids ob- 
tained. The compositions of Prepolymer Example 
12, 13, 14. and 15 contained 0.14, 0.14. 0.33. 
and 0.33 waigtit percent respectively of "Epon 

35 828" epoxkia (commerdally available from Shell 
Chemk»l Co.) as a stabtllzer. 
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Table I 



Prepolyner 
Example 


Poly isocyana te 


Active hydrogen 
polymer 






No. 


Type 


Amount 


Type 


Amount 


Solvent 


Z Solids 


1 


TDI 


3.25 eq 


TIOOO 

BD 

THP 


1 eq 
0.26 eq 
0.26 eq 


toluene 


90-93 


2 


HDI 


3.25 eq 


TIOOO 

BD 

TMP 


1 eq 
0.26 eq 
0.26 eq 


toluene 


90-94 


3 


TDI 


3.25 eq 


T2000 

BO 

TMP 


1 eq 
0.26 eq 
0.26 eq 


toluene 


90-92 


4 


HDI 


3.25 eq 


T2000 

BD 

THP 


1 eq 
0.26 eq 
0.26 eq 


toluene 


90-92 


S 


HDI 


3.25 eq 


TIOOO 

BD 

THP 


1 eq 
0.26 eq 
0.26 eq 


DCM 


80 


6 


HDI 


3.25 eq 


TIOOO 
PCP0230 
BO 
THP 


0.8 eq 
0.2 eq 
0.26 eq 
0.26 eq 


DCH 


80 


7 


HDI 


3.25 eq 


TIOOO 
PCP0230 
BO 
THP 


0.6 eq 
0.4 eq 
0.26 eq 
0.26 eq 


DCH 


80 
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Table I (cont>) 



Prepolywer 

Example Folyisocyanate 
No> Type Aaount 



8 



HDI 



3.25 eq 



Active hydrogen 

polymer 
Type Amount " 

TIOOO 0.4 eq 
PCP0230 0.6 eq 



Solvent Z Solids 



DCN 



80 











BD 
TMP 


0.26 
0.26 


eq 
eq 






9 


HDI 


3.25 




TIOOO 
PCP0230 
BD 
TMP 


0.2 
0.8 
0.26 
0.26 


eq 
eq 
eq 
eq 


DCH 


80 


10 


MDI 


3.25 


eq 


TIOOO 

BD 

TMP 


1 

0.26 
0.26 


eq 
eq 

eq 


THP 


80 


11 


HDI 


3.25 


eq 


TIOOO 

BD 

TMP 


1 

0.26 
0.26 


eq 
eq 
eq 


DCE 


80 


12 


MDI 


3.25 


eq 


TIOOO 

BD 

TMP 


1 

0.26 
0.26 


eq 
eq 

eq 


DCE 


67 


13 


HDI 


3.25 


eq 


D122 

BD 

TMP 


1 

0.26 
0.26 


eq 
eq 
eq 


DCE 


67 


14 


MDI 


3.25 


eq 


LPS 

BD 

TMP 


1 

0.26 
0.26 


eq 

eq 

eq 


DCE 


Of 


15 


HDI 


3.25 


eq 


ClOOO 

BD 

TMP 


1 

0.26 
0.26 


eq 
eq 
eq 


DCS 




16 


TDI 


3.25 


eq 


PPG1025 

BD 

THP 


1 

0.26 
0.26 


eq 
eq 
eq 


toluene 


93 


17 


MDI 


3.25 


eq 


PPG1025 

BD 

THP 


1 

0.26 
0.26 


eq 
eq 
eq 


toluene 


94 


18 


HDI 


2.16 


eq 


BD 


1 


eq 


50:50 
THFjMEK 


54 


19 


MDI 


2.16 


eq 


TIOOO 

BD 

TMP 


0.66 
0.17 
0.17 


eq 
eq 
eq 


toluene 


67 


20 


HDI 


3.25 


eq 


TIOOO 

BD 

THP 


1 eq 
0.26 
0.26 


eq 
eq 
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Key to entries in table: 

TDI = Mixture of 2,4- and 2y6-toluene diisocyanate. 
MDI « 49 4'-Diphenylinethane diisocyanate. 

TIOOO » "Terathane 1000", a 1000 M-W. polyCtetramethylene oxide) diol 
(comraercially available from E. 1. duPont de Nemours & Co.)* 

T2000 - "Terathane 2000", a 2000 M,W- poly ( tetrame thy lene oxide) diol 
(commercially available from E. I. duPont de Nemours & Co.)* 

BD = l,4~Butanediol* 

TMP * Trimethylolpropane. 

PCP0230 « "Nlax PCP 0230", a 1260 M.W. poly (epsilon-caprolac tone) diol 

(commercially available from Union Carbide Corp.)- 
DCH » Dichloromethane. 
DCE a 1,2-Dichloroe thane. 

D122 « "Duracarb 122", a linear aliphatic polycarbonate polyol 
(commercially availble from PPG Industries, Inc.)- 

LP3 » "LP-3" polysulfide polythiol (commercially available from 
Thiokol Corp.). 

ClOOO ^ "Carbowax 1000", a 1000 M.W. poly (ethylene oxide) diol 
(commercially available from Union Carbide Corp.). 

PF61025 « ••PPG- 1025", a 1000 M.W. poly (propylene oxide) diol 
(commercially available from Union Carbide Corp.). 

THE = Tetrahydrofuran. 

MER » methyl ethyl ketone. 



in a series of runs, an isocyanate-functional 
prepolymer, a haiogenatad resin, and one or more 
solvents were combined to form unrform mixtures 
and evaluated for compatibility. Set out below in 
Table ii are the Example numtder'or Comparison 
Example ("CE.") number, type of prepolymer - 
Cidentified by "P.E." number, an abbreviation for 
"Prepolymer Example"), weight percent of 
prepolymer (based on a comparison of prepolymer 
solids weight to the total mixture weight), type and 
weight percent of halogenated resin (simllariy ex> 
pressed), type of solvent, weight percent of solvent 
(based on a comparison of the solvent w ight to 
ttie total mixture weight), and an Indication of 



Bcamples 1 through 23 and Comparision Examples 
1 through 16 



so 



ss 



whether or not the iialogenated resin was compati* 
ble with the prepolymer. The compositions of Ex- 
amples 12, 14-16, 18. 20, and Comparison Exam* 
pies 1, 3*5 and 10 each contained 0.016 weight % 
dibutyltin dialurate. The composition of Example 13 
contained 0.47 weight % each of dilauryl- 
thiodipropionate and tributylphosphite, 0.1 1 weight 
% 2,6-di-t-butyl-4-methyl phenol, and 0.02 weight 
% dibutyltin dilaurate. The compositions of Exam- 
ple 19 and Comparison Example 9 each contained 
0.027 weight % dibutyltin dialurate. The composi- 
tion of Example 21 contained 0.07 weight % "ERL 
4221" epoxide (commercially available from Union 
C)art3ide Corp.), 0.05 weight % •FC-430" fluorosur- 
factant (comm rcially available from 3M), 0.04 
weight % each of "trganox 1010" hindered phenol 
(commercially available from Clba-Gelgy Corp.) 
and "Weston 619" diphosphlte (commercially avail- 
able from Borg-Wamer Corp.), and 0.03 weight % 



8 



15 



0 210 859 



16 



cSbutyltin dHaur^ T»ie composit io ns of Examples 
22 and 23 and Comparison Examples 15 and 16 
aach cortta tfisd 0.032 weight % dibutyltin cfilauraJe. 
The oomposrtfons of Comparison Examples 2 and 

13 each contained 0.013 weight % dibutyitin s 
^Waurate. The composition of Comparison Example 

14 contained 0.02 weight % dibutyitin dilaurata. 



re 



Table II 



Ex. 
No. 


Prepolymer 


Halogenated 
resin 


Solvent ^s) 




lype 


weight Z 


Tjr£e 


Weight X 


Type 


veiRht 


Compatible 


. 1 


P.B.I 


63 


S3(K) 


8 


Toluene 


29 


yes 


Z 


P.B.2 


64 


S300 


8 


Toluene 


28 


yes 


3 


P.E.3 


62 


S300 


8 


Toluene 


30 


yes 


4 


P.E.4 


63 


S300 


8 


Toluene 


29 


yes 


5 


P.E.5 


45 


S300 


5 


DCH 
HER 


27 
23 


yes 


6 


P.E.6 


45 


S300 


5 


DCM 
HEK 


30 
20 


yes 



46 



60 



66 



9 
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Table II (cont.) 
Halosenated 



Ex. 


Frepolymer 


resin 


Solvent (s) 




N6» 


Type Weisrht Z 


Type 


Veieht X 


Type 


Vei£:ht % 


Compai 


7 


P.E.7 


45 


S300 


5 


OCM 
HEK 


30 
20 


yes 


8 


P.E.8 


45 


S300 


5 


DCM 
MEK 


30 
20 


yes 


9 


P.E.9 


45 


S300 


5 


DCM 
MEK 


30 
20 


yes 


10 


P.E.IO 


45 


S300 


5 


THP 


50 


yes 


11 


P.E.ll 


45 


S300 


5 


DCE 
HER 


30 
20 


yes 


12 


P.E.12 


27 


S300 


12 


DCE 
HER 


13 
47 


yes 


13 


P.E.12 


27 


S300 


12 


DCE 
KEK 


13 
47 


yes 


14 


P.E.12 


27 


'TR623 


3 


DCE 
THF 


13 
57 


yes 


15 


P.E.12 


35 


TR625 


4 


DCE 
THF 


17 
43 


yes 


16 


P.E.12 


35 


TR627 


4 


DCE 
THF 


17 
43 


yes 


17 


P.E.12' 


28 


A40 


12 


HEK 


6u 


yes 


IB 


P.E.13 


27 


S300 


12 


DCE 
I1EK 


13 


yes 


19 


P.E.14 


45 


S300 


5 


DCE 


50 


yes 


20 


P.B.14 


27 


S300 


12 


DCE 


61 


yes 


21 


P.E.19 


27 


S300 


12 


Toluene 
MEK 


13 
47 


yes 


22 


P.E.20 


28 


S300 


12 


THF 


60 


yes 


23 


P.E.20 


28 


TR627 


12 


THF 


60 


yes 


C.E.I 


P.E.12 


24 


NAC 


11 


DCE 
MEK 


12 
53 


no 


C.E.2 


P.E.12 


22 


NAC 


10 


DCE 
THF 


11 
57 


no 
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Table II (contQ 
Halogenated 

^* Prepolymer resin Solvent(s) 

W6> Type VeighT T Type VelghO ^gi Weight X Compatible 



C.E.3 


P.E.12 


27 


R20 


12 


DCE 
HBC 


14 
47 


no 


C.B.A 


P.E.12 


27 


H20 


12 


DCE 
THF 


14 
47 


no 


C.B.5 


P.E.12 


27 


VMCH 


12 


DCE 
MBK 


14 
47 


NTGS 


r F 


P E 12 


18 


G121 


2 


DCE 
THF 


9 
71 


no 


C.E.7 


P.E.12 


16 


6121 


4 


DCE 
TBF 


8 

72 


no 


C.E.8 


P.E.12 


14 


G121 


6 


DCE 
THF 


7 
73 


NTGS 


r* p o 


IT • JB . iJ 


AO 




s 


DCE 
HEK 


24 
22 


no 


C.E.IO 


P.K.15 


27 


S300 


12 


DCE 
HER 


14 
47 


no 


C.E.ll 


P.E. 16 


63 . 


SJUU 


o 


xoxuene 




no 


C.B.12 


P.E.17 


63 


S300 


8 


Toluene 


29 


no 


C.S.13 


P.B.18. 


18 


S300 


2 


HER 
THF 


16 
64 


NTGS 


C.E.14 


P.E. 20 


18 


G121 


8 


THF 


75 


NTGS 


C.E.15 


P.E. 20 


28 


SF310 


12 


THF 


60 


no 


C.E.16 


P.E.20 


28 


SF310 


12 


THF 
MEK 


12 
48 


no 


Key to 


entries 


In table: 













S300 « "Par Ion S300 chlorinated polylsoprene (commercially 

available from Hercules, Inc.)- 
DCM B Dichlorome thane, 
DCE = l,Z-Dichloroethane» 
MEK = Methyl ethyl ketone. 
THF =» Tetrahydrofuran. 

TR 623 » ''TempRite" 623 x 653 CPVC resin (commercially available 

the B.F* Goodrich Co.)* 
TR 625 = "TempRlte*' 625 x 653 CPVC resin (commercially available 

the B.F- Goodrich Co.)* 
TR 627 = "TempRlte" 627 x 653 CPVC resin (commercially available 

the B.F. Goodrich Co.)* 
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from 
from 
from 
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Key to entries in Table II (cont>) 

A40 « •*AIloprene" 40 chlorinated polylsoprene resin (coimnercially 

available from ICI, America, Inc.)* 
NAC = "Neoprene" AC poly chlorobu tad iene, containing 39-2 weight % 

chlorine (commercially available from E*I. DuPont de Nemours 

& CoO- 

H20 = ••Hypalon" 20 chlorosulfonated polyethylene, containing 27 to 
31 Z chlorine (commercially available from E.I. DuPont de 
Nemours & Co • ) • 

VMCH « "Vinylite" VMCH 86/14 vinyl chloride/vinyl acetate copolymer, 
containing 46.4 weight % chlorine (commercially available 
from Union Carbide Corp.). 

G121 . ••Geon" 121 polyvinyl chloride resin, containing 56.8% 

chlorine (commercially available from the B.F. Goodrich Co.). 

SF310 » "Saran" F310, believed to be a copolymer of vinylidene 
chloride with acryloni trile or methacrylaoni trile, and 
believed to contain about 56.7 weight X chlorine 
(commercially available from Dow Chemical Co.). 

NT6S « Mixture appeared to be compatible, but no improvement in tack 
or green strength was noted. 



These examples Illustrate fonnation of compati- 
ble mixtures Irom a variety of Isocyanate-fimcfional 
prapolymers and halogenated resins. For each Ex- 
ample a film of the isocyanate-functional 
prepolymer alone had no tack, whereas a film of 
the compatible mixture was tacky within a few 
minutes after coating. Tackiness generally reached 
a maximum value within about 20 to 30 minutes at 
room tamperature. then diminished as the film 
cured. These mixtures contained hak>genated res- 
ins whose halogen content was between about 58 
and abcHJt 70 weight percent 

For each Comparison Bcampie, the mixture 
was incompatible, or compatibtd but non-tacky and 
lacking in green strength. These mbctures con- 
tained halogenated resins whose hak>gen content 
was less than about 58 weight percent 



25 



30 



35 



Example 21 

Dead load tensile test 

The compositions of Example nos. 11 through 
23 were evaluated using the above-described dead 
toad tensile test. The compositions of Example 
^k>s. 19 and 20 did not pass the test when a 500 g 
weight was used but did have enhanced green 
strength and would have passed u^ng a smaller 
weight Set out in Table III fc)elow for the composi- 
tions of Examples 11 through 18 and 21 through 23 
are the open time and the time te failure. 



40 



45 



SO 
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Composition 
of Exaaple 

11 



Table HI 

Open time^ ain, 

2 
3 



Time to 
failure^ ain, 

4 
4 





4 


50% N.P. 


12 


2 


M.P, 


13 


2 


N.r. 


14 


3 


N.P. 


15 


2 


50% N.F. 




3 


75% N.P. 


16 


2 


N.P. 


17 


3 


50% N.P. 


18 


3 


N.F. 


21 


2 


N.F. 


22 


3 


N.F. 


23 


3 


75% N.P. 



Key to entries in table: 



N-F. - Mo failure within 30 minutes. 50% N.F. signifies 
that half of the samples did not f«|il within 
30 minutes, and 75% M.F. signifies that 
three-fourths of the samples did not fail within 
30 minutes. 



in each instance, exclusion of the haiogenatad 
resin rasuttad in immedtatB failure of the dead load 
tenstla test at the same open time. This example 
very useful improvement in green 
strength that is provided in this invention. 

Bcampie22 



Sut^ective tack test and overlap shear lest 

The compositions of Examples 1 through 12 
and 18 were evaluated using the atxive-descrfbed 
suWective tack test and overlap shear strength test 
Set out bekm In Table fV are the compositkKi 
empkyyed, test substrates, open time and tempera- 
ture, subjecth/a tack test result, and overlap shear 
strength test result for each composition. 



so 
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Table IV 



tioB of 

Ek. Ko. substrate 



I 
2 
3 
4 
5 

6 

7 

8 

9 

10 
11 
IZ 



18 



maple/naple 

maple/naple 

maple/maple 

maple/naple 

maple/maple 

PVC/PVC 

maple/naple 

PVC/PVC 

maple/maple 

PVC/PVC 

maple/maple 

PVC/PVC 

maple/naple 

PVC/PVC 

pine/PVC 

ABS/FRP 

oak/oak 

oak/ oak. 

oak/oak 

FRP/PRP 

FRP/FRP 

FRP/FRP 

FRP/PRP 



Open Tine 

20 min. 
20 min. 
20 min. 
20 min. 
20 min. 
20 min. 
20 min. 
20 min. 
20 min. 
20 min. 
20 min. 
20 min. 
20 min. 
20 kin. 

1 rain. 
(3) 

3 min. 

3 rain. 

3 min. 

3 min. 

3 min. 

3 min. 

3 min. 



Open Temp 

24°C 
24«'C 
24«C 
24'C 
24"'C 
• 24°C 
24''C 
24''C 
24"»C 
24'»C 
24«'C 
24"C 
24"C 
24'C 

yi^c 

(3) 

24«»C 

24«'C 

24'C 

24*0 

24«'C 

24'C 

24<'C 



Subjective 
tack test 

1 
2 
1 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



Overlap 

shear 

strength. 



kg/cm 



2<1) 



55.2 
143. 8 
49.6 



(2) 
(2) 
(2) 



59.3<2) 

64.5 

57.1 

53.4 

62.4 

56.0 

59.6 

62.3 

62.1 

63.9 

64.0 



85.8(-40"C) 
81.6 

45.0(82*0 
158. 2 (-40*0 
99.8 

59. 1(82 "O 
39.4(82»C) 



Key to entries in table: 
PVC = Polyvinyl chloride. 

ABS - Acrylonitrile-butadiene-styrene plastic. 

FRP » Fiber-reinforced plastic (a styrene molding compound containing 
glass fibers). 



Footnotes for entries in table: 

(1) 

(2) 



25 mm X 25 mm bond evaluated at 24 "C, unless otherwise 
indicated. 

25 mm wide bond, overlapped 12.5 mm. 
(3) open time and -temperature were two minutes at room temperature, 
followed by one minute at 71*C, followed by one minute at room 
temperature. 
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For mch of tte above compositions, a sutsjeo 

•■kiaanrtad rasin was exdudecL This exampte 
aho<i« thit tocii IW8S enhanced by ad^^ 

msin. Several of the compositions had 
t shear strength at room and etevated tem- 



23 



ro 



80* Peal strength test 

Tha composiiion of Exanr^ 10 was evaluated re 
uanQ a one minute open tin>e at 72*C and the 
*««-<*Bscra)ed 90* peel strength last M tern- 
parafeiras of ^-(X 24-C and 82*C the compost- 
ttan SMhifaited 90* peel strength values of 1-25. 
0.t8 and 1^ kg/cm. respectively. 20 
^V^rious mocfiflcations and alterations of this 
^'^y"^ ^fl l» apparent to those sidfled the tft 
wNhout departing from the scope and spirit of this 
Irwention. and the tatter should not be restricted to 

-at forth herein for illustratwe purposes. 25 



1. A cur^ composition comprising a mixture ao 
W >aocy»8te-functional prepolymer derh^ 



(i) polyisocyanate, and 

<ii) acth^e hycfarogen-containing low molec^ ss 
uiar weight polymer, and 



(b) halogenatBd twin compatible with said 
prspoiymer, 

characterized in that said polymer is selected from 
the group conststino of polytetramethylene oxide 
polyols. polycarbonate polyols. and polysulMe 
Pdythfols, and said rastn contains 58 to 70 weight 
percent halogen. 

2. A composHion according to claim 1, char- 
acterized In that said polymer comprises poly- 
tatramelhyiene oxide polyol. 

i A composition aocorcKng to daim 2, char- 
acterized in that said polymer contains rapeating 
units derived from tetramethyiene oxide, sM re- 
peating units occurring in blodcs of two or more. 

4. A composition according to daim 1. char- 
acterized in that said polymer comprises polycar- 
bonate polyol. 

5. A composition according to daim 1. char- 
acleriaed In that said polymer comprises potysui- 
fide polythloi. 

6. A composition according to any preceding 
claim charactarized In that said resin contains 63 to 
70 weight percent chlorine. 

7. A composition according to any preceding 
claim, chofactarized in that said resin com p rises 
c^t^orinated polyisoprene. 

8. A composition accorcKng to any preceding 
dmn. charactarized In that said resin comprises 
postchlorinated polyvinyl diloride. 

0. A composition acoorcfing to any pcececfing 
claim, characterized in that said prapolymer and 
said rssin are mixed in a weight ratio between 1:9 
and 8:1. and further characterized in that said com- 
position contains solvent 

10. A method for adhering, coating or sealing 
an article, chmderizad by the step of applying 
thereto a layer or layers of a composition according 
to any prececfing dainru 
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